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PREFACE. 

I have been led to 'prepare this review of the subject of 
Natural Gas and its utilization, by the frequent and persistent 
inquiries that have come to me for such information. In doing 
this I have been guided by an experience of several years, 
during which time I have had personal contact with every 
phase of the subject, and close personal and business relations 
with nearly every one connected with natural gas enterprises 
in every part of the country where its utilization has been 
attempted. 

If what I have written shall supply, even in part, the want 
that seems so generally to be felt, my chief object will then 
have been accomplished. 

Any one who stops to consider the great economic impor- 
tance of this gas and its influence upon the industrial pros- 
perity, and the health, comfort and happiness of the people in 
the localities where it has been utilized, and also its direct and 
irresistible demonstration of the fact that 'gas of some kind is 
to be the fuel of the future, cannot but be impressed that the 
current literature of the subject is very meagre. 

I have aimed to present a fair exposition of the origin, 
extent and development of this gas, as gathered from, the in- 
vestigations of the leading geologists and other men of science, 
and to give, as well, a careful description from personal knowl- 
edge of the pipe systems and mechanical devices employed in 
its conveyance and utilization. 

If, in doing this, I have incidentally digressed to criticise 
the means employed by illuminating gas companies and to 
read them a short lecture on their misdoings, it is explained 
by the fact that they deserve it, and that the occasion fully 
requires and justifies what I have said. 

6o Park Place, T p) 

New York, October isi, 1886. 
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" Fuel is to the steam en^ne w hat the main-spring is to a watch — the source of its 
power and the measure of its effect?. Indeed, fuel may be regarded as the main-spring of 
modem civilization, f^r there is scarcely a process in the mechanical arts in which heat 
obtained from its combustion is not a prime agent, 

" Fuel as a prime agent. — as one of the mightiest of visible motors which a bountiful 
Providence has placed at our disposal, is too precious a gift to be carelessly squandered, in 
view of the constantly increasing requirements of civilization." 



fc 



INTRODUCTION. 

Among the most important developments of the present 
centur)-. natural gas is clearly entitled to a conspicuous place. 
Its utilization for fuel and the phenomenal success which has 
attended its general introduction and use in Pittsburgh and vi- 
cinity, in the manufacture of iron, steel and glass, and for do- 
mestic and other purposes, marks a new era in the progress of 
events, and presents to similar industries in other localities a 
very serious question in the economy of production. It has so 
cheapened and improved in quality these products of manufac- 
ture, that, with coal for fuel, successful competition is entirely 
out of the question. 

Pittsburgh, with the advantages thus secured, holds a com- 
manding position with respect to the production of iron, steel 
and glass, which has already brought to her a wonderful pros- 
perity. The difference of cost, in her favor, is so great, that 
in most instances the products of steel and glass-works can be 
delivered in other competing centres, at a fair profit, and yet 
for less than they would there cost to produce. 

Pittsburgh, therefore, so long as this state of affairs exists, 
may dictate as to whether similar industries in other localities 
using coal for fuel, shall enjoy a fair meed of prosperity or not. 
It is a matter of earnest congratulation, however, to such 
localities, that geologists so fully agree upon the theory that 
natural gas may be found in rocks of any geological age, and 
that gas horizons, therefore, may exist in formations that ex- 
tend over vast areas. There is certainly in this a reasonable 
hope that localities at present placed at such disadvantage, 
ma) , by proper exploration, find natural gas within practicable 



This can only be actually determined by 
piping distance. Th.s c^" ^" > j jj^;^, should not 

very efficient means o --""« f ,;;™°"; ,horou,hly im- 
he readily made available. The lesson so s / 

'passed Jy natural gas ''-""" "r'^VhefeSlity ofu: 
Lostimmeasurablysupenoto oa, Thcfea^ 
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:at.eastas«ood'a lootin. with respect ■"'"«- 
that which they occupied for so many years under the coal 
*;'irand this m the main should be satisfactory to them. 



Natural Gas, its Origin and Development. 

Within the past few years Natural Gas has become a 
subject of profound public interest in this country. For NaturTi^Gas 
many generations it has been known to exist in vast areas, i^ng known. 
at widely separated points, and it has been utilized in a few 
instances for lighting and warming houses, and, in a small 
way, for manufacturing purposes, but until quite recently its 
preat economic value, as a fuel was little dreamed of. 

In the abundance of other resources this valuable pro- 
duct seems to have been left to take the ordinary course of 
things, until, partly by accident, its great importance was forced 
upon the attention of manufacturers and users of fuel in 
general It was soon demonstrated by practical experiments 
in Pittsburgh, that, in the manufacture of iron, steel and 
glass, and for general use. this fuel was so superior in all 
respects that its universal adoption would depend simply 
upon the question of obtaining a supply of it. 

Even with crude and unscientific appliances, and with 
little knowledge of the proper use and control of the gas. it J,om'^^%;.:; 
was found that the quality of these articles of manufacture ^^^g^^^^^^^^'^^' 
had been greatly improved by its use, and the cost of pro- 
duction much reduced ; it was found, too, that in generating 
steam an even pressure could be easily maintained without 
injury to the boiler, and in warming houses any required 
temperature could be kept up. In short one advantage suc- 
ceeded another, and in every new use others were added to 
the list until the above conclusion was inevitable. 

Fortunately for Pittsburgh and other manufacturing 
centres in that locality, a supply of it was near at hand, and 



there has been no lack of energy or enterprise to make it 
available for all purposes ; nor has there been any lack of 
special and scientific investigation to develop its possibilities 
and to devise proper means for its conveyance and distribu- 
tion, and suitable appliances for its control and economic 
use. As though by mutual agreement all set to work upon 
the main problem, each in his appropriate field, and the out- 
come is gratifying to contemplate. We shall revert to this 
later on. 



Probable Extent and Permanency of the Supply. 

Naturally the first question that presented itself for both 
Speculation practical and scientific investigation was the probable extent 
as to supply. ^^^ durability of the supply. This led up to several col- 
lateral questions as to the origin of this gas, its relations to 
oil and coal, and whether, indeed, the Great Maker of the 
Universe who has so bountifully provided us with this ex- 
traordinary fuel has not also provided for its continuous pro- 
duction in Nature's laboratory to supply future ages. 

The investigation took a wide range and enlisted the 
The Driller's careful thought and attention of eminent geologists and 
chemists and other specialists. The practical driller, as 
usual had his opinion, and he still has it, namely : that there 
is an abundance of gas for all purposes, and for all time to 
come, if it can only be found. On general principles it is the 
belief of some that gas exists in abundance to supply all wants, 
and their explanation is, simply, that Nature never does any- 
thing by halves. 



opinion. 



The geologists and other scientists, however, to whom 
we must look for light — since the driller's hope or the simple '^^e Geoio- 

K^l* r • \T ^ ' 1-1 1- t ^ ,/ Sis^s careful- 

Deliet in iNatures liberality, cannot be followed as a safe ^y '"vesUgate 
guide — have devoted themselves with consummate energy ^*'^^''^^^''^* 
and ability to the consideration of both the practical and the 
theoretical aspects of the problem. While their conclusions 
may differ, as they do, upon some phases of the subject, it is 
nevertheless a matter of congratulation that the majority of 
them are able to agree upon most of what are presumed to 
be the primary facts relating to the geology of natural gas, 
and an examination of their reasonings cannot but prove in- 
teresting and profitable. 

Prof Chas. a. Ashburxek, Geologist in Charge, Geo- 
logical Survey of Pennsylvania, (Report 1885, pp. 3, 6), re- 
fers to the subject as follows : 

" The general conditions upon which the occurrence of natural gas 
seems to depend, from a consideration of the facts at present at our The primary 
command, are : (a) the porosity and homogeneousness of the sand- conditions of 
stone which serves as a reservoir to hold the gas ; (d) the extent to of NatiToal 
which the strata above or below the gas-sand are cracked ; (c) the dip 
of the gas-sand and the position of the anticlines and synclines ; (a) the 
relative proportion of water, oil and gas contained in the gas-sand ; 
and (e) the pressure under which the gas exists before being tapped 
by wells." 

Again, he -says : 

*'The origin of natural gas has an important bearing upon its 

economic geology. Although it is believed that we are in possession Origin due to 

of much data to throw some light upon this interesting question of ^fcomposifn 

^.. .,11 jt- on of animal and 

cause, yet it is still shrouded in too much uncertainty to permit of vegetable life 

complete explanation. It is necessary, however, that some statement 

should be made in regard to the origin of gas in order to thoroughly 

comprehend the conditions upon which its existence seems to depend." 



lO 

" It would appear that the gas is closely related to petroleum, and 
that their origin is due largely to the same cause— the decomposition 
of animal and vegetable life " 

'• It is believed tnat the gas is not indigenous to the sand-rock, from 
which it is obtained, but comes from the decomposition of life-forms 
which were entrapped in underlying strata. If this be so, the amount 
of gas contained in any one sand depends, first, upon the extent to 
which the rocks are cracked between the horizons of such organic 
remains and the gas-sand reservoir, in order to permit the gas to flow 
into the sand ; and second, upon the extent to which the rocks are 
cracked above the gas-sand, which would permit the gas to escape into 
the atmosphere and totally disappear." 

Prcf Edward Ortun, (Report 1886, p. 6), State Geolo- 
gist of Ohio, presents the following view : 

"It is not necessary to consider the origin of natural gas and 
hile^a^S^' petroleum separately. They have a common history. They are pro- 
mon origin, duced from the same sources, accumulated by similar agencies, and 
stored in the same reservoirs. In order of formation, petroleum is 
probably first. It is the more complex in composition, and thus nearer 
to the organic world, from which it is derived. Gas is the same sub- 
stance on the downward road to the simplicity of inorganic compounds 
No process is known by which gas is built up into oil ; but the breaking 
up of petroleum into gaseous products is seen to be constantly going 
forward in nature, and it is also effected in the large way artificially/' 

'' Petroleum never exists free from gas , but it is'sometimes asserted 
that gas is found that has no connection with petroleum. This claim 

is probably a mistaken one. * * * Therp i^ no hr..;-^^ 1 

, -'. inere is no nori^on known that 

produces either substance to the entire exclusion of the other.'^ 

'^ As already implied, petroleum and gas are derived from the or 
ganic world Both vegetable and animal substances have contributed 
to the supplies, and these separate sources give different characters to 
their products, as will be presently shown. There are certain other 
theories m regard to the origin of petroleum, it is true, uhich have been 
advanced by eminent chemists, but which do not match at all well with 
the geological facts involved." 
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" These last named refer petroleum to peculiar decompositions and | 

recompositions. chiefly of water and carbonic acid, which are ^"PP°^«^^ t° 
Le carried on at considerable depths in the earth where these substanc 
arc brought into contact with metallic .ron. or with the metalhc bases 
of the alkalies at high temperatures." ^ ^, ^ . _„. , .„, 

-Never were more artificial or unverifiable theor.es presented for 

the explanation of natural phenomena, and it ^^ ^'^^'^^"^'^V^Z ^^^' 
should have obtained any currency whatever. Something m.ght be ^ , 

s^^d for them, perhaps, if we had no other possible way of account.ng .Heo.- 
for the facts to which they refer ; but when they are compare-! . ,rh the 
theories of organic origin they have no standing ground. 

•The truth is, we are constantly manufacturing from an.ma and 
vegetable substances, in the large way, both gas and oil that are a.rly 

r.r.^ * * * Perhaps it IS this feature that 
has recommended these tl-M''^' ^ ,„ „ ,„„g 

i^/,;t:«:dr:er.tron^s^.«:^o""«-.-^^ 
"""V: re:ror:^:r;:'r r:a,rr::::'s;„ts a. . .. „.„ 

1 ne peiroicuiii f, ^ ,i,„ „rinrinal stocks are found in Thegasapro 

derivM from vegetable matter, and as the prmc.pal stocks ar ^^^ s ^^ h^^ 

derivca irom g ^^ ^^^ ^^^^^ source. The ^^landvege 

SSISE; =- r=r:;-;:;:= - 

a product of animal life. 

Prof McMiLL..N. President Ohio Institute of Mining 
Engineers (Mining Journal, pp. .4. 15). says of the ongtn of 
natural gas : 

-It .s generally conceded that natural gas, as --1' ^^ P^^.^^j^"", |f 
generated from the carbonaceous material of the deeply bur.ed shales, 
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Newberry s 
iheon.' 



Peckham's 
opinion. 



Hunt s views 



Byasson s ex 
periment. 



"he Chemi- 
al theory. 



There are many, however, whose opinions are worthy of consideration 
who beheve that the oil-sands are the real producers, and still others' 
who beheve that the oil and gas come from the limestone. I think in- 
contestable proof can be offered that all are right." 

'In a paper read in February, 1882, Dr. Newberry says that the 
oils of the .Niagara limestone are indigenous in that rock, and believes 
they are of animal origin. In this same paper he says the gases of the 
Hamilton shales are from the carbonaceous matte,, apparently pro- 

n.T, r ,'*'%'^^^"'"P°s"i°" of sea- weed, these being abundant and 
nearly all other fossils aosent." 

" Very many eminent authorities may be quoted in maintenance of 

"Vn'iZ ori^i^^. '-'-' ''' -' ^-- - -- ^-^-- at least are 

- Prof Peckham says Ohio and Pennsylvania oils are undoubtedly 

of vegetable ongin, but thinks the Kentucky oils from the Trenton 

.mestone are from animal origin. This statem'ent was made hlwever 

be^fore the development of the new gas and oil-fields of Kor'thwlte™ 

nere are others that reason that it is possible that thev are neither of 

theory ,s suggested that sea- water invades ereatk h.l.H "^ P^"''''^ 
the earth and comes into contact with u^o^Lf/eT ^h -"^^^^^^^ f 

Berthelot, in z866, suggested nearlv the same theofv vi^ , h T 
tion of acityline by contact of carbonic acid witraTkaline m.r ^ 7" 
bowels of the earrh ^nH th^ .u i alkaline metals in the 

hydrogen are formed. ""^^ '"'°" '' steam, carbides of 

*'M. Mexdelieff, of Russia in T«-.- 
gravity must put met'als nfa.er t ttre of tT '\^' ''' '^^' ^^ 

reached the metallic carbides through cr v ces aid LT' '""T^' ""^ 
gen is formed. ^ crevices, and carburetted hydro- 

.hat ,he,. ar. of a„™a,. vegeubu a^S^Se^S,":.!" ;:■;."■ '«" """' ■ 
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on 

which 

ogists 
unite. 



Lesley's 
views — Gas 
supply is ex- 
haustible. 



In attributing the origin of natural gas to chemical ac- Theory 
tion as one of the causes of its occurrence, Prof. McMillan ceoi 
expresses the theory which is distinctively announced by the 
chemists and which may possibly prove to be correct But 
it is the opinion, on the other hand, of all the professional 
geologists who have examined the Pennsylvania and New 
York oil and gas-fields, that the chemical theory accounting 
for the existence of oil or gas is quite insufficient ; in fact 
that the evidence gathered in these fields throws reasonable 
doubts upon the correctness of the chemical theory as ap- 
plied to any oil or gas-field. 

Prof. Lesley, State Geologist of Pennsylvania, in speak- 
ing of the durability of our natural gas supply, says : 

''I take this opportunity to express my opinion in the strongest 
terms that the amazing exhibition of oil and gas which has character- 
ized the last twenty years, and will probably characterize the next ten 
or twenty years, is, nevertheless, not only geologically but historically a 
temporary and vanishing phenomenon — one which young men wnll live 
to see come to its natural end. 

" And this opinion I do not entertain in any loose or unreasonable 
form. It is the result of both an active and a thoughtful acquaintance 
with the subject. * * * For I am no geologist if it be true that the 
manufacture of oil in the laboratory of nature is still going on at the 
hundredth, or the thousandth part of the rate of its exhaustion. And 
the science of geology may as well be abandoned as a guide, if events 
prove that such a production of oil in Western Pennsylvania as our 
statistics exhibit can continue for successive generations. It cannot be ; 
there is a limited amount. Our children will surely, and with difficultv 
drain the dregs. 

'' I hold the same opinion respecting gas, and for the same reasons, 
with the difference merely that the end will certainly come sooner, and 
be all the more hastened by the multiplication of the gas wells, and of 
the fire-boxes and furnaces to which it is led." 
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And he adds the following opinion : 

Lesley's "As gas is a direct product of petroleum by spontaneous evapora- 

tion, the life of the gas production will be limited by the amount of the 
volatile elements held in a definitely limited quantity of petroleum 
existing under ground ; and, therefore, those who are producing and 
using this enormously valuable mineral substance, should take every 
precaution to prevent its waste, seeing that it is bound to come to an 
end." 

Mr. John F. Carll (Prelim. Report, 1886, pp. 30. 34), 
the able assistant to Prof. Lesley, and who has had a long 
experience in the oil and gas-fields of Pennsylvania, in referring 
to the relations of gas and oil, says : 

^timt"e1v?i' " ^^' ^""^ °'' ^""^ ^° intimately related that an oil-field must neces- 

lated. ■ ^^^'■''y be a gas-field. From one end of the oil belt to the other, gas has 
been found in larger or smaller quantities in every oil well drilled. But 
the conditions under which it exists are quite variable. Sometimes 
large fiows issue from sand-stones lying above the oil-producing rocks 
sometimes from the oil-sand and with the oil, and in other cases it may 
be from sands below the oil horizons. ' Gas Streaks.'as they are popu- 
larly called, are areas where the rock contains more gas than oil, are 
common throughout the oil-regions, skirting the edges of good terri- 
tory in some places, or streaking the central portions of it in others 

" It does not follow, however, that every gas well must produce oil. 
for even within defined oil-fields there have been gas wells that made 
no oil beyond a slight condensation in the delivery pipes ■ and else- 
where gas-producing rocks are sometimes absolute'lv barren of oil in 
the gas horizons. 

In the same report (p. 46) in discussing the anticline 
theory, he gives the. following interestmg account of the 
geological formation : 

Or^nofgas- " It is well known that all our oil rocks are sedimentary ; that they 

are composed of materials derived from older rocks, the disinteerlted 
particles of which have been sifted, assorted and dep;sued n str!ufi d 
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layers by the action of water. These rocks are known to be several 
thousand feet in thickness, and untold ages elapsed while thev were 
forming. • 

" For the purposes of this discussion we need go no further back 
m the eons of the past than the time when the Murraysviile gas-sand 
(taking a definite stratum to avoid confusion) was completed by those 
changes of conditions (whatever they were) which terminated the sand 
deposits at that spot and commenced to lay down the overlying shales 
At that date the two most important requisites for a future gas field had 
been provided. The gas-making material had been deposited • the 
necessary tank, so to speak, put in place, and the impervious cover was 
being put on. But the sedimentary deposits were not yet completed 
Other carbonaceous shales, other sand rocks, alternating with beds of 
coal, slates, fire-clays and limestones, were yet to be superimposed to 
the height of 3,000 feet or more. 

"These all were deposited in the course of time in regularlv strat- 
ified layers, showing that no deep-seated, unequal or local disturbance 
had occurred up to the date of their completion Subsequently some 
great change took place ; the whole region was lifted above' ocean 
level ; the Allegheny Mountains rose in crested ridges, and the Murrays- 
viUe anticlinal, with other comparatively minor flexures, was formed. 

-The drill has demonstrated that the permeable sand-rocks lie in Varyinjc cha- 
beds so inclosed in impervious shales that each bed practicallv forms a gas'sands" '"' 
reservoir by itself. In certain horizons these sand-beds are numerous 
and persistent. But each individual bed has its locus and its character- 
istic fluids. In the same well (me may produce water, another oil, another 
gas, another a mixture of all three.and .miy a f.w feet of shale intervene 
between the different layers of sand stone. All li.ese rocks were equally 
effected by the generel uplift, and now lie dipping to the southwest at 
an average rate of from 18 to 22 feet j)er mile " 

Further on in the same report (p. 51), Mr. C.\ki,i. refers 
to the question of inexhaustibihty of natural gas, as follows : 

"The inexhaustibility of natural >.ras wells is another popular fallacy carllstheo 
which has gained some standing since drilling for ^^as commenced near Inexhlusti'^'' 
Pittsburgh. * * * A permanent gasfield implies a number of neces- l^irliifacr" 
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sary conditions, and suggests many curious questions, among which are 
the following ; Inexhaustible wells must draw from inexhaustible sources. 
Gas in Pennsylvania is only found in sand-beds of medium thickness and 
restricted geographical limits. Such beds in themselves cannot be inex- 
haustible. Their productive duration depends entirely upon the drafts 
made upon them — a simple problem — if one well can exhaust one of the 
beds in ico years, how long will it take icc wells to do it ? To make 
A problem in such pools permanent they must be constantly replenished from an un- 
Anthmetic. limited source. This source, it is claimed, is some deep-seated laborator}^ 
of nature capable of responding to all demands that can be made upon 
it. ^ ^ " Perennial gas>springs abound in some sections of the country; 
but if the permanent flow from them is to be taken as the measure of the 
gas-generating forces, it is evident that it is altogether too insignificant 
to meet the demands of inexhaustible theorists. 

Gas deposits " The gas deposits around Pittsburgh are evidentlv lar^e and well- 

near Pittsb'h ^11 T_i 11.- ,. 'O 

largeandwell Stored, and capable, no doubt, of supplymg a reasonable number of wells 

stored. many years. But if too copiously drawn upon— as they are likely to be 

under the present contagious excitement— not alone for the purpose of 

supplying legitimate demands, but also through excessive drilling in all 

directions, by parties who have no gas mains, but lease and drill as a 

matter of speculation, w^asting the gas if successful, until a satisfactory 

sale can be forced— they must soon become exhausted to such a degree 

that it will be found necessary to extend the gas mains to new pools 

(if they can be found) or to supply them with manufactured gas." 

We have quoted liberally from the reports of these emi- 
nent geologists with the view of presenting, in convenient 
form, the different theories and opinions that are advanced 
touching the origin, extent, and durability of natural gas. 
The subject presents many interesting features and it must 
be obvious to all that it is still to a great extent shrouded in 
mystery. There are few, if any. more interesting phenom- 
ena in the economy of nature, and it may also be said that 
there are few, if any, geological problems more difficult of 
solution. 
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The researches of the leading American geologists ca. may he 
strongly suggest the conclusion that it is quite possible for '^any%!Z^ 
oil and gas to be found in greater or less quantities in rocks '''''''^*' 
of almost any geological age; that in fact the existence of 
oil and gas in any locality is more dependent upon the geo- 
logical conditions under which the stratified rocks are found 
to occur, than upon the geological age of the rocks them- 
selves. We may deduce from this that the gas-bearing rocks 
of this country may extend under vast areas which hitherto 
have not been explored. 

This conclusion is, in fact, entitled to the fullest credence, Gascx.st^ - 
for it has already been demonstrated by the drill, that natural '^''"^ ''''''^' 
gas exists in the underlying strata, not only in various sections 
of Pennsylvania, where the supply is enormous, but in Eastern, 
Western and Middle New York, in the Province oi" Ontario, 
in many widely separated parts of West \'irginia, Ohio, Indi- 
ana, Illinois, Wisconsin, Missouri, Kansas, Kentucky, and the 
Territory of Wyoming. The developments in some of these 
states, notably Ohio, Illinois, Kansas, West \^*rginia and Ken- 
tucky, indicate a very large supply of this gas. 

The drill of the restless prospector is constantly widening chemical 
the limits of its known occurrence, and, already in several [hfuons^'LTp- 
localities, in these states, corporations have been formed to corr'^cP'^*'''^ 
make the product available. It must be evident, therefore, 
to the most casual observer, that Pennsylvania is not likely 
to enjoy a practical monopoly of this perfect fuel for any great 
length of time. 

It is clearly possible that the theory as to the origin of 
this gas, which is the least supported now, namely, that it is due 
to chemical action and that the supply, therefore, will be contin- 
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uous, may prove correct. But it is also clear that the weight 
of authority now is on the side of exhaustion, or nearly 
so, of the natural gas supply before many years, if the pres- 
ent improvident waste of it is allowed to go on, or if the le- 
gitimate drain upon it continues to increase as it no doubt 
will. 

If this latter theory should prove to be true there can be 
no doubt in the minds of those who have given the subject 
much thought, that, upon the partial exhaustion of natural gas, 
an artificial gas will take its place for all manufacturing and 
heating purposes. 

Natural Gas Xature has fumished the purest fuel known, and whether 

has demon-. , ^ 

strated the it lasts io abundance for only a few years, or for manv eener- 

practical util- . . • i i ^ 

ityofGas for atious, or all time to come, it has already taught us many les- 
sons of great significance and secured to us many permanent 
blessings. It has thoroughly demonstrated the great practical 
utility of gas for fuel in the manufacture of iron, steel and 
glass, and for generating steam. It has promoted health, 
comfort and happiness, and made cleanliness possible in the 
household, by supplanting coal, and its smoke and dirt. That 
these and other benefits might be realized it commanded the 
best abilities of the inventor to devise suitable means for its 
conveyance, distribution and control, and it has thus been the 

Great im- ,. r • ' 

provemenis clirect cause ot great improvements in pipe s\'stems and all 

in pipe ^i i- r r ^ i i ^ - » o-^i 

systems, the appliauces tor safety and economy m the use of oas of all 
kinds and for all purposes. 



Pressure By its great pressure (sometimes reaching Soo pounds to 

)metim's5oo t • i i • ^ 0^^ j^v^tun^a^ lkj 

lbs. to the the square inch), and its terrific explosive enerirv earlv nnd 

ng. too frequently demonstrated, natural gas warned the public 

that every precaution should be taken, {a) to prevent leaks ; 



sq 

a warm 
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(b) to detect leaks ; (r) to provide means for confining it with- 
in known limits, and for carrying off to places of safety any 
gas that might possibly escape through the joints of the mains ; 
but first of all, that there be no structural or mechanical de- 
fects in the pipe system, and that the pressure be regulated so 
as to allow not more than a few pounds in street mains, and 
not more than a few ounces near the point of combustion. 

This warning, however, was not heeded until after, in sev- 
earal instances, gas had found its way from leaky joints or im- 
perfect pipe systems to the cellars of houses and fearful explo- 
sions occurred, causing great destruction of property and the 
loss of several lives. 

The subject then assumed a serious aspect, and it was 
here that the court of Allegheny County, Pennsylvania, took 
cognizance of the danger to life and property that was immi- 
nent, if careless methods and unsuitable means continued to 
be employed in the conveyance and distribution of natural 
gas ; and a Commission consisting of five able experts was at 
once appointed, with power to subpoena witnesses and admin- 
ister oaths, and with instructions to investigate the materials 
and mechanism of the pipe systems and collateral appliances 
then in vogue for conveying and delivering this gas. 

It was here, too, that the inventor, the capitalist, the sci- 
entist, the mechanical engineer and the skilled mechanic joined 
hands, as it were, and backed by public sentiment and the de- 
sire to make available this valuable product of nature, applied 
their best abilities and produced results of permanent import- 
ance to all gas enterprises, and to the public generally. 
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Order of Court appointing Commission. 



Alleghany County, ss. Court of Common Pleas, No. Onf 
Order of 
Court 
appointing THE CITY OF PITTSBURGH. i 

Commission. z/s. 

THE FUEL GAS COMPANY, 

a Corporaiio):, 

AND 

THE PENN. GAS COMPANY, 

a Co7'poralion. 



^'^- 5SO, March, i88s, 
In Equity. 



And now, February 25th, 1S85, on motion of both parties to the 
above su.t E. Y. Breck, Esq.. is appointed Commissioner; and George 
Browne, James T. Barr, Jacob Schinxeller and James B. McFadden 
tsqrs., coadjutors, to examine into the condition of defendants' pipe 
lines now ,n use, or intended to be used, by said Companies for the pur- 
pose of transporting natural gas within the City of Pittsburgh • the 
manner of their use, present or prospective (including the dfgr'ee of 
pressure thereon), and the dangers of explosion or other public inLv 
mcdent to. or hkely to arise from, the use of said pipes by'said dZZ 
ants for transportmg and supplying said gas to consumers. 

1 he said Commission is also directed to specially inquire into all 
pomts of danger along said lines of pipes, for L purpose of locating 

e^llnitoTe st t ""' T' " '"^^'^^ ^"^ gener'all/into all m^u er! 
same Thev \ ' "'"'"'' '° '^' "^ ^'^'^^^^d by the use of the 

same. They are also empowered to issue subpoenaes for witnesses and 

o 'a-roinTr necessary to be done by defendants to rend he use 

ot said pipe lines compatib e with nublir «;-,fr.f,. a • ■ 

made at anv time in reference to anv 1 ^ ''"'"'' '"'P°''' '° ^^ 
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And now, February 26th, 1SS5, James P. Barr, Esq., havin.. de- 
cuned to serve as Co::imissioncr in the above case bv reason of his 
nccssary absence from the city for sonie time to come, j'oh.v B. L.kk.v 
lisq , is nov/ appointed to serve in his place and stead 
•• From the record. BV THE COURT. 

"J. O. Brown, Prothonotary." 

The inquiry of the Court Commis.sion extended over a 
period of about three months, and it covered a wide scope 
I rofessional experts in all the kindred arts, as well as practical 
engineers and mechanics, were called and closely questioned 
and much valuable information was elicited. The art of pipe- 
making; and pipe-laying, and the construction of the vrrious 
joints and safety appliances, which were either proposed for 
cise as being novel, or which seemed to ha\e the sanction of 
experience ; and also the chemical and physical characteristics 
of natural gas, came within the purview of this inquiry. 

The Commission found, and so reported to the Court 
that no line then owned or controlled by the defendants should 
be used as a high pressure line within the cit\- limits, and it 
was their opinion that a pressure greater than ten pounds 
should not be allowed on low pressure lines. 

In referring to some of the difficulties then commonly 
met with in controlling this gas. they say in their report to the 
Court (pp. 2^, 24) : 

■' Natural gas, commonly called marsh gas, owing to its low specitic 
.gravity (being but little over one-half the weight of air), and extreme 
tenuity, is exceedingly difficult to confine. If the lines used to convey it 
are not absolutely tight, the gas will escape and will seek the easiest o'ut- 
let to the atmosphere 

•' In summer, when the earth is open and porous, it readily rises to 
■ihe surface of the ground, is dissipated through the atmosphere, and no 
harm follows. In winter, when the ground above the conduit is frozen, a 
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seal is formed which prevents the gas rising to the surface, and it escapes 
laterally through the unfrozen earth and follows drains and service pipes 
into cellars, sewers and other openings, and its presence is difficult to 
detect owing to its being comparatively odorless. 
Special dan- *'As cellars are usually kept closed during cold w^eather, they are 

farcias^^^^* liable to become magazines of gas, readily fired when flame is brought 
in contact with it. The range of explosibility of natural gas, as shown 
by the experiments of Dr. Hay (see Appendix), is greater than that of 
coal gas, but the resulting explosion is less in violence, and it also re- 
quires a higher degree of heat to fire it. In other words, the conditions 
being equal, coal gas is the more dangerous." 

Safety appii- It was clear to them, as is well known now, that pipe svs- 

ances j r i* r ' r r j 

required, tems and safety appliances for conveying and controlling 
natural gas should be of the most approved construction and 
laid in the most careful manner possible. And in referring to 
the most effective utilization of this valuable fuel, they say on 
(pp. 26 and 27) of their report : 

Commission's " The matter of the economical consumption of gas, is one that 

cim^busdon^^ should receive attention from consumers, all natural gas companies and 
the insurance companies. When first introduced into the city there was but 
little knowledge on the subject of the proper method of using gas. 
Small pipes were laid through the mills, and high pressures were conse- 
quently necessary to supply them with sufficient gas. 

*' Of late, vast improvements have been made in the fitting up of 
mills and burning of the gas, and it is found that the best results are 
obtained by consuming it at low pressure, increasing the volume of the 
flow by increasing the size of the mains. A number of the largest man- 
ufactories in the city are now supplied at a pressure not exceeding a 
pound and a half, again reduced at the furnaces, and entering them at a 
pressure not exceeding two ounces, which is the ordinary pressure on 
artificial gas mains, with the best results. 

^* It will be seen by the analysis of Dr George Hay (see Appendix) 
that natural gas is but little over one-half the weight of air (the specific 
gravity being .52, air i). and to obtain perfect combustion requires a 
chemical combination of about ten volumes of air to one of gas. If the 
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fh.!? . "^"^ '^^ P''"''"'''-' ^ P'-°P^'- ^'^'^■^i'^^1 "fixture with 

the atmosphere .s not obtained, and as a result there is a waste of gas 
and consequently an unnecessary drain on the supply pipes 

We recommend that all Natural Gas Companies require their a r 
consumers to connect all supply pipes in such a manner as to orm '''''"'' 
.rcuus. and ms.st that the gas be consumed at a pressure no tex 
ceeding two ounces. 

The work of the Commission was performed admirably 
and ,ts recommendations to the Court impressed the pubHc 
mmd that the greatest degree of caution should be insisted 
upon m laying pipe-systems to convey this gas. and that every 
safeguard should be provided to prevent its waste and the 
disasters which are almost sure to follow. 
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The Problem which Natural Gas presented. 

While this investigation was in progress, and for some 
time previously, as well as thereafter, the ingenuity and skill 
of the inventor and of the mechanical engineer were devoted 
to the work of devising and perfecting a safe system of piping 
and suitable appliances for the control, distribution and eco- 
nomic consumption of this gas. This was a prime necessit^■ a pr.me 
in order, f^rst. to secure the great benefits that would doubt- """""■' 
less result from the proper utilization of this \aluable fuel • 
and second, to relieve the public mind of apprehension by af- 
fording reasonable protection to life and property against the 
dangers of explosions. To accomplish this the probfem which 
presented itself was to provide reliable means oi securing the 
gas at the wells under a pressure often developing" five 
hundred pounds to the square inch, and of transporttng it 
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uience without leakage to the place of combustion, and there 
delivering it under a pressure not exceeding two ounces to the 
square inch. 

An)' one who has heard steam blow off in a locomotive under 
a pressure of one hundred pounds to the square inch can ccm- 
prehend to some extent the great force of natural gas, and ihe 
difficult)' of controlling it under a pressure of five hundred 
pounds. But this has been accomplished, and, as will pres- 
ently appear, the problem in its entirety has been completely 
solved. 



The difficulty 
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The Piping System. 



After providing efficient valves and anchorage to shut in 
and control the gas at the wells, so as to prevent wastage 
there of this valuable fuel, attention was then eiven to the 
character of the pipes that would be the best adapted to trans- 
port it to market. It was found that wrought iron, by reason of 
its greater tensile strength, would be superior for high press- 
ure hues to carr)' the gas through the open country to the city 
limits, but many advantages were conceded to cast iron for 
low pressure i)ipes within the city. It was found to be prac- 
tically impossible to make absolutely tight screw-joint-, that 
w^ould remain so in a long line of wrought iron pipes, but in the 
open coutry where these pipes would be laid the leakage was 
not liable to do harm. 

For the delivery of gas under low pressure it was found 
that larger pipes than could be made of wrought iron in the 
present state of the art, would be required to deliver the quan- 
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vty that would be demanded, and as cast iron could be made ni_^--';; 
Mf any size required and of proper strength, it was preferred p.pesns.a 
■or low pressure. :c is al.o less liable than v.rou-ht iron to 
be impaired or broken in the line by any strain or movement 
caused bv expansion or contraction; bemg m tuelve-toot 
lengths and the joints packed and caulked with lead, it readily 
compensates, and without material injury, lor any stra.n or 
movement due to the variations of temperture tnat are likely 
to occur below the frost hue. 

But m cast iron lines, as in wrou-ht u'on. .t was ound 
practicallv impossible, in the ordinary way. to make absolutely 
ticrht joints that would in every case remain so. The settlmg 
of%he earth and of the pipes in places, as oiten occurs m 
streets that have been graded by a " fill" or a shght change o 
the alignment, caused by the frost or any great variation of 
.empei^ture, is liable to impair the packing of the joints, and 
'.hen leaks occur, and the gas under pressure may escape m 
dangerous quantities. 



joints 



Testing Pipes and Joints in the Trench. 

With the exercise of the utmost care in making and caulk- L«™«£i,.. 

in,, the ioints of cast iron pipes with lead or cement ,t ,v,l = 

ometimes occt,r that the work has been ,mperlectly done or 
Z some defect has escaped notice. And ,n -spcc^^ o the 
screu-.joints of wrought iron pipes the mechatr, al f^f^^ 
making them perfect is v.-ell nigh msurmountable ,1 .n cutt.n, 
r ih^eads the tap or die beconres dull or v.'orn the. ,^^y be 
.. variation in the angles of the tl-.reads, or ^,.ica -..re..ed 
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The only 
sure way 



gether a spiral opening ma>- be left over their crown through 
which gas will escape ; and again they may be damaged b\' be- 
ing improperly entered or crossed in screwing the pipes to- 
gether. In any such case leakage is almost sure to occur. 

The only sure way to detect these imperfections is to test 
by air or gas under pressure every section of say f^ve hundred 
feet as it is laid in the trench to about fifty pounds to the 
square inch on mains intended for low pressure, and on high 
pressure mains to two or three times what they are expected 
to carry. No pipe system for gas, whether intended for nat- 
ural gas, coal gas, or water gas, under either high or low press- 
ure, should be allowed to be covered in the trench without first 
bemg subjected to this test, and the imperfections properly re- 
paired. 

logSttt' '""'^ '^ preferable to gas for testing pipe lines, as it is alto- 

gether efficient, and unlike gas, it avoids the great dancrer of 
explosions and mjury to the workmen when the test is finished 
and It IS allowed to escape into the atmosphere. 



Safety Appliances. 

It being practically impossible, as stated, to make a series 

of jomts m the ordinary waj^ that could be depended upon to 

remam gas tight, the attention of inventors and engineers lis 

hen directed to devising and perfecting suitable safety apnli 

ances; first, to make the joints more secure, and second to 

.t hrough auxilhary p.pes provided for that purpose to the 
suface of the earth, or above the surface, where it codd be 
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disseminated in the open air witliout danger. Careful experi 
ments were made, and the possible disturbances resultin.r from 
expansion and contraction, or from any cause, were duly re- 
garded and provided against as far as human skill could su<r- 
gest. * 

Such a system was perfected and applied to more than Explosions 
one hundred miles of pipes in Pittsburgh and Allegheny City "«asXi;' 
with the most gratifying results. By its use in so thoroucrhly "^^^^"'^^• 
protecting the joints, we are informed that the actual loss of 
gas by leakage is less than one per cent, and the danger of ex- 
plosions from this source is, therefore, practically overcome. 

This prevention of leakage presents a problem in which the 
public has a deep interest, and one which illuminating gas 
companies would do well to consider carefulh-. The average 
loss of illuminating gas by leakage from the' mains has been 
ascertained and is admitted to be fully 12 per cent. This loss 
beyond doubt falls entirely upon the public, and what it 
amounts to in any given case is easily calculated. 

_ If. in any case, with this leakage going on, the price to How tore- 
private consumers had to be, say, $2.50 per thousand cubic ^'"^"sasbiiis 
feet, in order to yield the gas company a fair profit, the com- 
pany, by perfecting its piping system and reducing the leakage 
to or below one per cent., which can readily be done, wouM 
realize the same net profit, with the price to consumers very 
much reduced. 

Taking the official statistics of Philadelphia (see Appendix) 
as a basis of calculation, we find that the total output for 1885 
was 2,757,844,000 cubic feet, of which the enormous quantity 
of 391.614,845 cubic feet was lost by leakage. This quantity, 
at $2.00 per thousand cubic feet, the present price of gas in 
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Philadelphia, amounts to $70.3,229.69, which very closely rep- 
resents vrhat would have been saved to the consumers in that 
city in 1885 had the piping system been perfected by the use 
of modern appliances so as to prevent, or nearly prevent, this 
leakage. 

The public has a still further and a highly important in- 
terest in this saving. With 12 per cent, of gas constantly es- 
caping and permeating the earth, it must soon become thor- 
oughly impregnated, and the gas escaping again and continu- 
ally through the pores of the earth to the surface, pollutes the 
air that v.'e breathe and thereby imperils the public health. 
Again, in its permeation and passage through the earth it not 
only blights but kills any vegetation with which, for any length 
of time, it comes in contact, as witness square after square and 
street after street in many of our principal cities that have 
been entirely denuded of shade trees by the poisonous ele- 
ments of escaping gas. 



Detecting and Locating Possible Leaks. 



SA'Stein for 
dttectin:: .;nd 



This system of safety appliances comprises also the means 
locatin-Kriks of detcctino' and readily locating any leak that may possibly 
occur. This obviates the necessity of tearing up the streets, 
as is sometimes done in searching for leaks before they can be 
definitely located, and it provides an acceptable substitute for 
the old practice of illuminating gas companies, namely, that of 
"boring for leaks" at every joint, and perhaps then not find- 
ing any until the shade trees along the line begin to die and 
thus furnish the first definite evidence of location. 
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The Automatic Pressure Regulator. 



J^AV^^ 



With the pipe system and safety appliances perfected, the 
next step was to provide the necessary means to control and 
reduce the pressure of this gas so as to secure the best result:. 
at the point of consumption. Starting' from the wells with ;. 
pressure of say two hundred and fifty pounds, the loss ]:)y fric- 
tion will reduce this, under the usual conditions, to about fifty 
pounds at the city limits. Aside from the element of danger 
incident to such pressure, it must now be reduced to the mini- 
mum of two ounces per square inch and there held uniforni, in 
order that the most economic combustion may occur. 

An Automatic Pressure Regulator now became necessary, 
and it w^as soon forthcoming. This is indeed a \ ery valuable 
addition to the inventions prompted by natural gas. It i.. 
capable of such delicate and complete adjustment that the 
pressure of the gas as it enters the regulator through llie inlet 
pipe, may have a wide range of variation, which often occurs, 
and yet as it passes out of the regulator into the low pressure 
pipes it will be constant at two ounces per square inch or at 
any other degree required. 

With the pressure thus reduced and remaining uniform, i- 
became possible to devise means for regulating the admission 
of air to the furnace, so as to obtain the proper admixture of 
gas and air to produce perfect combustion. The principle of 
perfect combustion in the use of this gas v;as thus so cleverh' 
settled and the automatic device proved to be so accurate and 
reliable, that in tempering and annealing glass a marvelous re- 
sult is uniformly produced, such as can scarcely be attained b}* 
the old methods. Likewise in generating steam and in the 
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manufacture of iron and steel the advantages thus secured are 
scarcely less important, while for domestic purposes this de- 
vice la)s the foundation of a safe system for utilizing the gas 
in any way that may be desired. 



The Automatic Shut-off Valve. 

td*b% !,"uto'^' T^^i^ instrument is a complete provision against danger in 

matic cut-off the general and ordinary use of gas for domestic purposes, 
and it adds another to the list of important inventions directly 
referable to the problem presented by natural gas. 

The service pipe which conveys the gas from the street 
main to the house can be readily made gas tight. The o-as 
passes from the service pipe through the automatic shut-off 
valve into the house pipes. In the event of the gas supply 
being shut off in the street, as is occasionally necessary, this 
automatic shut-off valve will instantly close and it will remain 

houses"pre" closcd Until every stop-cock in the house has been turned off. 

veined. jhjg affords absolute protection against accidents that some- 

times result from bad plumbing, and prevents gas that 
has been shut off and turned on again in the streets,1rom en- 
tering the house, which otherwise it might do while the occu- 
pants are absent, and be exploded by coming in contact with 
the flame of a lamp or an illuminating gas jet. 

This device is so constructed that the admission, or au- 
tomatic shut-off valve, cannot be opened except by the press- 
ure of the gas in the house pipes, and then the gas has to pass 
through a hand-opened valve having so small an aperture that 
no accumulation of pressure is possible if there be a dancrerous 
leak in the house pipes or if a single stop-cock is open "'' 



The value of this device has been frequently illustrated 
by preventing what otherwise would have been disastrous ac- 
cidents. It is practically an unfaihng and absolute safeguard, 
and this fact has led to its extensive use for regulating the 
supply of gas to houses, and with most gratifying success. It 
is hardly necessary to say that such a safeguard inspires per- 
fect confidence and adds much to the comfort of those using 
gas in their homes. 



The Automatic Temperature Regulator. 

The function of this device is to regulate automatically Health and 
the temperature of a room. It is applied to the grate or stove ''^^^l^^^ p^X 
burning fuel gas, and it gives results that cannot be obtained ^^[^"feffeaeT 
from any other form of fuel used in warming houses. It is 
readily adjusted for any temperature that may be desired, and 
it is so sensitive to the waves of heat and cold that the slight- 
est change in the temperature of a room will instantly affect it, 
and it w^ill, in turn, correspondingly open or close the valve 
through which the gas is supplied to the grate or stove, and in 
this way lessen or increase the heat. It thus maintains a per- 
fectly even temperature in the room whatever changes may 
take place outside. In this way it effects a great economy in 
the use of gas. 

The great value of this invention will be recognized by all; 
it promotes health and comfort in the household, and in the 
sick-room it is an incalculable blessing. In this latter rc-pect 
alone the inventor may well be proud of his achievement. 



The Solution of the Problem Complete. 

That the problem presented to the inventor and his co- 
adjutors by the occurrence of natural gas has been completely 
solved, must now be apparent to all. The pipe systems and 
appliances for insuring safety and preventing waste in its convey- 
ance and distribution, and the devices for its perfect adaptation 
to every use as fuel, have been brought to such a high state of 
perfection that there is really nothing further to be desired. 
Great results This is fullv attested by the experience in Pittsburgh and Al- 
Namrir^Gal leghenv City during the past two years, where the benefits re- 
alfzed and the advantages secured through the safe and eco- 
nomic utilization of this fuel are so great, that it is difficult to 
conceive of a parallel. The "two cities" in that short space 
of time have been transformed from the dirtiest to the most 
cleanly, and while this was occurring the same causes were 
workino- an economic revolution in the industrial arts scarcely 
less striking. 
The business Tlic rapid growth and great financial importance which 

*^^^^^- the natural gas business early assumed brought to its m.anage- 

ment in Pittsburgh a high order of executive and practical busi- 
ness ability, and to this may be largely attributed the uniform 
success which has become a part of its history. In referring to 
this aspect of gas utilization a writer in Bradstreet s, of Sept. 

II, 1886, says : 

•' No more rapid growth has ever been known than that attending the open- 
ing of natural gas welb and the piping of this novel fuel to the iron, steel and 
glass works of Pittsburgh and its vicinity. The aggregation of capital has 
become ver}^ large and it has had the unusual good fortune to be safely and 
profitably employed from the beginning." 

Aiicitiesmust The advantages that natural gas has conferred upon Pitts- 

"^^fud/^*^ burgh cannot fail to impress their importance upon other cities 
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and lead eventually to the general adoption of gas — either 
natural or artlrtcial — for fuel. For it is already an established 
tact which has the sanction and the earnest support of the most 
eminent, practical and scientific men everywhere,* that gas is to 
be the fuel of the future. Natural gas has demonstrated that 
this must be so, and it presents an unanswerable argument in 
the superior qualities of its products of manufactul-e, and in 
its uniform economy and success. 

-Natural gas has the advantage of being a purer fuel and 
costing less than artificial gas. but the difference is not great 
and it would not be regarded as a factor in contrasting the 
difference of coal and gas for fuel in localities where natural 
gas does not exist. By comparison the great waste incident 
to the use of coal for fuel under the most favorable conditions 
plainly suggests that there is room for great economy in the 
substitution of artificial gas. It is a well known fact that in 
the ordinary- use of coal for fuel there is a loss of from seven- Great econo 
ty-five to ninety per cent, of the heat units that might possibly •">'"'"f"«^'g--'s 
be made available. 

In Pittsburgh natural gas is regarded as the harbinger of 
economic fuel and it is a well understood fact there that upon 
the exhaustion of the natural gas supply, if that should ever 
occur, an artificial gas will at once take its place. There is 
therefore no solicitude in the minds of investors as to the sta- 
bility of the business or the security of investments in natural 
gas enterprises. A good substitute is close at hand and there 
is practically no limit to the extent of its production. 



34 



The Duty of Municipal Corporations. 

Gas liable to As time gocs on and the investigations as to the occur- 

^^ ^Tdlci''' rence of natural gas and its probabilities and possibilities pro- 
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gress, the theory is constantly gaining ground that it may 
exist in rocks of any geological age, and that new horizons 
are liable to be found in formations that extend under vast 
areas in this country. 

It is admitted on all sides that its actual existence in com- 
driiitestweiis mercial quantities in any locality that may be apparently 
favorable in a geological sense, can only be determined by 
drilling. In all such localities, therefore, it is safe to presume 
that enterprising citizens will test its possible existence by 
drilling wells. These tests, if successful, will bring a new duty 
upon municipal authorities in such localities, which should be 
properly regarded. 

The great danger which we have shown to exist in the 
conveyance and distribution of gas under pressure has been 
made doubly manifest in the natural gas centers of Pennsyl- 
vania and West Virginia, by no less than seventy explosions, 
causing the loss of several lives and the destruction of a large 
amount of property. 

It was perhaps not possible to achieve the great results in 

so short a time, that have been realized in Pittsburo-h and 

.... * ^ 

vicinity, without making some mistakes and taking some haz- 
ardous risks. But the experimental period is passed and it 
would be next to criminal now, on the part of municipal 
authorities, to allow any but the most approved pipe systems 
and appliances to be laid in their streets and employed to con- 
vey and distribute this gas. 
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There is a weakness in human nature in this country to Municipal 
get on a little faster than is always safe, and there are men of should be 

1 f t . . . I • vigilant. 

enterprise to be lound m many or most communities, whose 
sense of moral responsibility is not of the highest order and 
whose greed therefore might move them to employ unsafe 
systems if they should be unrestrained by legal authority. It 
is therefore necessary that the proper authorities carefully 
regard this duty and permit only such systems and devices to 
be employed as have stood the test of experience. 

In every city and town of a few thousand population in 
this country good men, men of the highest rectitude, serve for 
years as directors of illuminating gas companies. Generally 
every care is taken to administer the affairs of the company in 
accordance with the best business principles, and yet all of 
these men have quite overlooked an important engineering fea- 
ture of their business, and thereby they have at least tacitly as- 
sented to a great menace to public health. Therefore we say 
the ill effects of twelve per cent, of the output of gas continually 
escaping from the mains into the earth to foully impregnate it 
and kill the shade trees, into cellars and sewers perchance to 
explode, and through the earth to the surface to vitiate the air 
we breathe, should certainly -receive attention and the public 
authorities should promptly interfere and compel these gas 
companies to repair their lines, and if necessary adopt such 
modern appliances as are now known to exist and as will ef- 
fectually prevent this great leakage and its attendant dangers. 

It takes many years for a shade tree to grow and during 
this period it has to be carefully guarded against numerous 
enemies. Then again we have in many of our cities some 
proud old trees of the primeval forest that are centuries old. 
It is always regarded as a great misfortune to lose a shade 
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tree as though it were in some way closely related to the 
^ human family, and yet, whether only a few years or several 
centuries old. these trees are allowed to be killed at wholesale 
by gas companies, and this without even a mild protest. 

In every city there is a Committee on Gas which forms 
an integral part of the municipal authority. This Committee 
should exercise a practical supervision over pipe systems, 
safety appliances, and the manner of pipe-laying, whether in- 
tended for the conveyance of natural gas, coal gas or water 
gas, for lighting or heating purposes. 

In most cities there is a Board of Health. The functions 
of this board should be made to include the care of the public 
health against the insinuating poisons of gas as it permeates 
and escapes from the earth. 

In some of the larger cities there is a Park Commission. 
When a tree dies they have it cut down and that is the end of 
it. This Commission should see to it that no tree comes to 
its death, or is blighted, b)' the effects of the poisonous ele- 
ments contained in escaping gas. 

These are some of the plain duties of municipal govern- 
ments, and the people should not fail to insist that they be 
well and faithfully performed. 

In glancing back over the benefits that natural gas has 
conferred upon humanity, we cannot fail to perceive that in 
forcing upon us the era of fuel gas, civilization has been ad- 
vanced, and that, in prompting the efforts of the inventor and 
the men of science, dangers to life and property have been 
lessened, industrial prosperity has received a permanent aid 
and a great practical advantage, the burdens of labor have 
been lightened, and health, comfort and happiness have been 
made more secure. Surely these are blessings which merit 
our most sincere and grateful acknowledo-ements. 
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APPENDIX. ^^^A^^ 

Analysis of Natural Gas, 

MADE FOR THE COURT COMMISSION, MARCH 1 4, 1 8&5 

HV CiEOKGE HAY, M. D. & C \[,^^I 

ANALYTICAL LABORATORY. 6l6 fKNX AVE.. PrTTSBURGH, PA. 

Composition of the Gas by Volume. 

Carbonic acid none. 

Heavy hydro-carbons (Ulehant gas. etc.) . . .50 

Carbonic oxide i 00 

Oxygen . . . * . 1.30 

Light carburetted hydrogen (Marsh gas) . . 95.20 

Hydrogen 2.00 

Nitrogen none. 

First. — Gas taken direct from main contains no water. 
It is absolutely dry. 

Second — The gas allowed to stand over water for twenty- 
four hours, at temperature of 60° F., and measured at a press- 
ure of 30 inches, mercurial barometer, contains in 100 cubic 
inches, .536 grains of water, which represents, therefore, its 
capacit)' for water at mean temperature and pressure. 

Specific Gravity of the Gas. 

Specific gravit) of dry gas from main by effusion, as 

compared v/ith air -20 

Specific gravity of gas saturated with water, as com- 
pared with air, by effusion .554 
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Explosibility of the Gas. 

Mixtures of this natural gas and air were made by vol- 
ume, as below, and an electric spark passed through each 
mixture with the following results : 



Natural gas volumes 



Air volumes 6 — No explosion. 

7 — No explosion. 

8 — No explosion. 
9 — Explodes. 

lo — Explodes. 

1 1 — Explodes. 

12 — Explodes. 

13 — Explodes. 
14 — Explodes. 
15 — No explosion. 

The most violent explosions occurred with between ten 
and twelve of air to one of gas. The explosions were even 
less violent than with coal gas, volume for volume. 

For comparison mixtures of coal gas and air were also 
made by volume, and the mixtures exploded as above with the 
following results : 

Coal gas volumes, i, Air volumes, 5 — No explosion. 

6 — Explodes. 

7 — Explodes. 

8 — Explodes. 

9 — Explodes. 
10 — No explosion. 

The most violent explosion occurred with seven volumes of 
air to one volume of coal gas, and the explosion was consider- 
ably more violent than with natural gas, volume for volume. 
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Illuminating Gas 



consumed in Philadelphia, 1850 to 1885, with the totals and 
ratios to population, first of production, and next of private 
consumption. 

PREPARED BY LORIN BLODGET, 





Population, 


Total Gas 


Ratio to 


Private 


Private 


Ratio to 




U. S. Census. 


produced. 


population 


Lights, 


Consumptiou, 


populat'n, 






cubic ft. 


cubic ft. 


No. 


cubic ft. 


cubic ft. 


■SyO 


408,762 


182.016,000 


445 


115.004 


131,258.400 


321 


'Mo 


565.529 


639,578,000 


1. 131 


474.961 


459,152.800 


812 


1870 


674,022 


1,241,485,000 


1.842 


871,562 


898,359,680 


1.333 


18S0 


847,170 


2,173.010,000 


2,561 


1. 505.213 


1,386,500,300 


1.637 


1883 


950,000* 


2,445,368.000+ 


^-574 


1,651,230 


1,685,934,000 


1.774 


1885 


I ,ooo.oco* 


2,757.844.000: 


2.758 


1.796.494 


1,911,296,300 


1,911 



* Estimated. 

1413,676,600 is the use at works and loss by leakage=i5 per cent., 0/ which 12 per cent, 
is leakage. Less by leakage in 1S85 is 475,430,940 cubic feet, equal to 17/jj per cent., which 
includes nearly 3 per cent, used at the gas works, leaving a net loss from leakage for 1885 
of \^Y^ per cent, as before stated. 

|From the totals of gas produced for 26 years, the average of loss by leakage is cal- 
culated at 12 per cent., but this loss is given only with the consumption at works included, 
and together they average 15 per cent, as before stated. 

The above figures are from official reports, except the 
population of 1883 and 1885, which is estimated. 
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